A simple solar heat storage wall was built, with an area of 0.91m 2 facing south, in this work. The wall consist of a wooden box covered with a clear glass of 3mm thickness, 18 plastic bottles (2.25-liter capacity) were arranged in such away in this box, each bottle was filled with water to increase heat capacity, the rig was tested in many cases. The insulation was improved by covering the wall after sunset. A reflector was put to increase sun energy reflected the bottles; this mirror became as a cover at night. The wall was tested in Baghdad city-Iraq at winter of years 2015 and 2016. The results show the ability of this wall as a sun energy storage device, for all the time up to 5:30 AM of the next day. The maximum achieved water temperature was 64.6°C, and the highest temperature of the metal plate in the wall reached 74.4°C.
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I. INTRODUCTION
HE world has two main problems which become argent and need to be solved as soon as possible. The depletion of fossil fuel and its prices fluctuations cause severe troubles to the nations' economic [1] [2] [3] . Also, the air pollution resulted from burning fossil fuels caused a severe environmental dilemma [4] [5] [6] [7] . The scientists and researchers have made tremendous efforts to analyze these problems scientifically and practically and to find effective solutions to them. Some have suggested the use of alternative types of fuel, while others suggested the use of renewable energies such as solar energy and wind [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . Solar energy has shown it's clean energy and the possibility of production of electricity that fill the needs of the cities has become a reality [20] . Solar energy is not only used to produce electricity, but it can take advantage of the heat, which it gives for free, in many processes such as heating, cooling and distillation [21] [22] [23] [24] [25] . Solar energy is available most days of the year and not every day. The organs operating in solar energy are influenced by weather conditions such as temperature, humidity, clouds, and dust [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] .
Iraq suffers from a severe crisis in the energy supplying, in addition to the severe environmental pollution caused by the burning of fossil fuels for energy purposes as well as the extraction operations [37] . Because more than 35% of the produced Iraq's energy goes to heating and cooling sectors. The selection has signed the subject of this paper, a simple heat storage wall which is cheap and has good thermal storage capabilities and can work in the weather conditions for the different cities of Iraq. Solar energy can be an advantage in a wide range of applications, especially in the space heating. Solar heating can be achieved from solar energy in different ways and means as the use of the secondary wall, space windows, shaded curtains, and the use perforated metal wall. Also, the use of water pillows, and the use of thermal storage with air heater for storing energy coming from the sun, in addition to the use of greenhouses attached to the places you want to warm it up, and many other methods [38] [39] [40] . Solar heating can be utilized directly by placing windows or air heaters or water in the body which is exposed directly to the sun. The solar heating becomes less efficient when the sun goes down. In this case, the indirect solar heating can be used to various thermal storage tanks to store energy and use it for longer periods, especially when the sun goes down or at cloudy times. Most of these methods may have high costs and low performance, and the additional cost could be up to about 5% of the value of the same building size without this heating mode. The solar efficient heating systems are expensive and complicated. However, the wall used in this research, which was synthesized with inexpensive style is easy to apply, uncomplicated and easy maintenance [41] . The attention to this type of thermal walls began in 1881 by the scientist (Edward Morse) and was named as thermal walls by (Felix Tromp) at 1950 [42] . Tromp wall is a heat wall connecting the coming sun thermal energy storage the energy and the delivery heating system to reduce the energy consumption in buildings. This way could reduce fuel heating energy consumption up to 30%. It has a long operational life of up to 20 years, and the method can be used effectively in the evening, and in cloudy days [43] . The common walls and ceilings are inefficient temperature storing media. Water is cheaper than building materials and can store heat at three times of its size, with a little thermal resistance. So, water containers (bottles) can be used to store the solar energy in a more effective and efficient manner than building materials. The sound insulation of the wall manages the water to store thermal energy, and the temperature of water in it could reach 54 °C or more. This proposed wall can cover an extended controlled heating period by controlling the heat withdrawn from the wall using a fan [44] . The fundamental question in this walls type is how much we need from the stocked water, and how much we need thermal insulation to save the gained energy from the sun at sunny days. This wall does not need pumps to rotate the water because the water would be only stagnated, and we need to move air by a fan through the air intakes to recirculate around the heated water vessels, which received the solar energy all the day [45] . Ref. [46] studied fill boxes with insulated water vessels, connected to a heated air-glass which was heated by solar. Hot air was passed on the water-filled packaging to be heated. This system can be used to heat houses in the winter and with the help of an electric heater in some cases (on cloudy days). Ref. [47] investigated and designed a solar thermal wall faces south consisted of a wall of a thermal energy storage concrete with a space between it and the glass layer of approximately 2 inches. This system was modified to heat houses. The tests were conducted in the period from November to March. The study's results indicated that there was an increase in the efficiency of these walls with about 13%. Also, the supplied energy for heating as fuel or electricity to the building was lessened to less than 20% by using this type of walls. Ref. [48] proposed a thermal storage wall using solar energy through slots, and compared it with the concrete wall used to heat a hall. The study constructed a mathematical model and program to study the heat transfer by conduction and convection. Ref. [49] considered a porous energy storage wall with closed containers. The study concentrated on Riley number and concluded that increasing the thickness of the container increases the thermal storage more than the concrete wall. Ref. [50] studied practically and theoretically a solar water heater with stones operated as a heat storage media. The study developed two differential equations for the process of solid and a liquid phase, with the integration of equations and solved numerically. The theoretical results were identical to the practical results. The study also investigated the design of various types of thermal heating walls types and the features of each model and the ways of using each of them. This study aims to investigate various influencing factors on a solar thermal storage wall. The study was conducted in Iraqi winter climate to evaluate the possibilities of increasing the solar energy storage in each of the tested cases to achieve the best storing solar energy state. This study is a part of the continuous effort of the Energy and Renewable Energy Technology Center at the University of Technology, Baghdad, Iraq to spreading the culture of the use of renewable energies especially solar power instead of fossil fuels in public life .
II. EXPERIMENTAL SETUP Fig.1 shows a schematic chart for the front and side sections of the Trombe wall used in this study. The wall arranged from a solar water wall, where the wall was built from a piece of aluminum with an area of 3 ft 2 and a thickness of 3 mm. This plate was fixed to an internal wall behind the water bottles; it was glued to a piece of wood with the same area and a thickness of 2cm. The wooden piece was used as a thermal insulator. A piece of glass wool insulation with 1 cm thickness was glued to the wooden wall. The wall sides were built in the same aspects and style of the main wall with a piece plate galvanized a thickness of 1.5 mm and an area of (20x91) cm. The sides were plastered with wood slabs with the same size, and with 2 cm thickness. A glass wool insulator thickness of 1 cm was also used behind the wood to increase the thermal insulation of the wall. The wall was kept open from the front. The containers inside this wooden-metal box were plastic bottles of 2.25 liter each. These containers were cleaned and filled with water and sealed and stacked one alongside the other inside the box with two rows of 8 bottles each. The bottles were stacked one above the other, and to prevent the free movement of containers inside the box and fixed them they were linked in each row from the neck with the other by a thin robe. The containers were set on both wall sides, and two bottles were put at the top in a horizontal form to fill the vacuum inside the box. Thus, the entire used bottles were 18 inside the wall. The wall front cover was a white glass with a thickness of 3 mm, posted on the edges of the wall by a crystal silicon adhesive, with putting a rubber washer at the edges to prevent air leakage into the wall. This wall was fixed to face the south.
Several thermocouples (type K) were used to measure the temperature in different parts of the wall. These thermocouples were calibrated by comparing them with thermometer readings. Four thermocouples were submerged inside the water in the bottles to measure the temperature of the water. Another four thermocouples were fixed on the aluminum plate back after drilling for measuring the degree of internal metal wall heat rate. A thermometer measured the air temperature. Fig. 1 shows the positions of the thermocouples in the wall and packages. All thermocouples were linked to a selective switch to facilitate and speed the temperatures readings. An electronic thermometer was used to read the measured temperature every hour starting from sunrise to sunset.
A. Test Procedure
The tests were conducted in several stages. In the beginning, the wall was tested in its usual condition, to see the energy stored in the wall without glass wool insulation mode, and using only wood as insulation to the wall without the wall covering. In the second phase of tests, the wall was isolated with glass wool to evaluate the increase in thermal energy stored in this case. The wall was also tested when its interior surface (aluminum located behind the water vessel wall) was painted by a black dye while keeping the thermal insulation on the wall. In this case, the energy stored was measured. In another set of tests, the solar power entering the system was increased by adding a reflector of aluminum foil in the form of two wood covers sticks by aluminum reflector sheet. This cover was used at night or in the absence of sunlight to close the wall and to reduce the energy lost by radiation to the outside. These doors were opened for the day and fixed at an angle of 60° from the horizon each to concentrate the solar radiation on the wall. The following equations were used the required quantities. The governor equation for storing energy in the wall's vessels every hour for the entirely isolated wall from the back and sides were considered. The solar radiation energy concentrated on all the bottles. The thermal energy stored in the wall's water was evaluated by:
Where, Qs-Stored energy in the wall bottles (kW) mw-Water quantity in the wall's bottles (kg). Cp-Water's specific heat (kJ/kg. K) (Tt+1-Tt)-The increase in water's temperature between each two hours of the day (K) When the energies stored in the wall during the sunrise were added to each other's, the energy gained by designed wall through the day time is:
Knowing the wall's intake energy from the sun Qin which was supported by the Iraqi Meteorological Authority for Baghdad city, the wall's everyday efficiency can be calculated (ηd) from the equation: ηd= Qtotal / Qin (3)
As the water's mass and specific heat through the day temperature range are fixed, the stored thermal energy will suit with temperatures change. So, the relationship between the temperatures with time was taken to explain the variations in the thermal storage in the wall.
III. RESULTS AND DISCUSSION
Figures 2, 3 and 4 show the results of the tests conducted on the solar storage water's wall. The tests were done in sunny winter days in November and December.
The tests were performed without the addition of a glass wool insulator around the wall and without covering it after sunset. Also, the tests were done without painting the aluminum plate with black. The temperatures of the wall's back (TP) and the bottles' water (Tw) were increased, but the increase of the back wall temperature was larger. When the maximum temperature of each part was achieved, the wall's back temperatures started to reduce faster compared to the water in the bottles, and heat dissipation was rapid in both wall's parts. Fig. 5 indicates the tests when an insulator of glass wool was added to the wall wooden outside parts. The same behavior of the plate high temperature and the water in the plastic containers was recognized. The figure shows an increasing difference at low temperatures between Tw and Tp and between Tair (the ambient air temperature), which means better energy is storing in the wall and less heat loss by convection from the wall's rear and side parts. Figures 6, 7 and 8 represent the temperature distribution during the daytime when the cover was added to the wall after sunset to reduce heat loss. The results show clear differences in rear metal plate temperatures reduction, as well as the wall's water temperature. The differences between these wall parts and the air temperature were increased, as a result of the decrease of the lost energy by radiation and convection from the wall's front (of the glass cover) and its sides and back. Fig. 9 represents the results of the experimental tests at a part cloudy weather. The results show the effect of painting the plate with black had affected the plate heat dramatically. Figures 10 and 11 reveal the results of the tests when a reflector of an aluminum foil (with the same wall area) has been put to increase the sunlight reaching the wall face. This new addition had a significant impact on the temperatures of the water and back plate. Fig. 12 & 13 manifests the use of a reflector to increase the falling solar radiation and to cover the system by these reflectors at sunset. The results indicate a massive increase in the plate and water temperatures with apparent thermal energy loss reduction the after the sunset.
The obtained results show that the energy stored in the wall in the charging period first can be up to 1213 W/m², and this power increased to about 1450 W/m² with thermal insulation addition to the wall. The wall's stored thermal energy rose to 1844 W/m² in the case of the wall was covered at sunset. The stored energy was increased to 2629 W m² at cloudy tests. When the aluminum reflector was added the stored energy was increased to 3045 W/m². The results indicate an increase in the daily efficiency of the wall from about 37.4% in its regular conditions to 69.6% when reflectors were used.
Adding reflectors with an area equals to the wall' area doubles the falling solar radiation on the bottles resulting in increasing the stored energy by it. The good covering of the wall especially from the front glass face side preserves the stored energy for long hours may extend to the next day morning. Table 1 summarizes the stored energy in each test with its unique conditions for comparison purposes. The results demonstrate that the energy stored in the wall increased in the presence of reflectors apparently at sunny weathers, with an increase in water temperature in the wall's water. The maximum temperature reached by the wall's water was 64.6°C at 4 o'clock in the afternoon while for the aluminum plate it was 74.4°C at 3:30 at the same day. Increasing the thermal insulation and painting the rear metal wall in black has a limited impact on the thermal storage process. The heat loss from the walls back and sides after sunset and during the evening is little compared to the transparent glass cover. The wall' transparent glass cover coverage after sunset has a severe effect on energy conservation. It reduces highly the loss of stored energy to the air by radiation and convictions. The aluminum reflectors usage has a significant impact on doubling of absorbed solar energy during the day operation. 
